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By systematic investigations of the magnetic, transport and thermodynamic properties of single
crystals of EuFe2(As1−xPx)2 (0 ≤ x ≤ 1) we explore the complex interplay of superconductivity and
Eu2+ magnetism. Below 30K, two magnetic transitions are observed for all P substituted crystals
suggesting a revision of the phase diagram. In addition to the canted A-type antiferromagnetic order
of Eu2+ at ∼ 20K, a spin glass transition is discovered at lower temperatures. Most remarkably,
the reentrant spin glass state of EuFe2(As1−xPx)2 coexists with superconductivity around x ≈ 0.2.
PACS numbers: 74.70.Xa, 74.62.Fj, 74.25.Ha, 75.30.Gw 75.50.Lk
The interplay of magnetism and superconductivity is
one of the central topics in contemporary condensed mat-
ter research. On one hand, their antogonism is known for
a century, on the other, superconductivity was found to
be closely linked to magnetism, for example in strongly
correlated heavy fermion compounds or high-Tc cuprates
as well as in the recently found iron-based pnictide or
chalcogenide superconductors [1–4]. In the latter fam-
ilies, systems containing magnetic rare earth elements
such as the pnictide superconductor parent compounds
CeFeAsO as well as EuFe2As2 are of particular inter-
est, as (besides the spin density wave in the FeAs lay-
ers) they develop an additional magnetic order of lo-
cal moments at low temperatures [5–7]. In case of
CeFeAsO, Ce3+ antiferromagnetism appears at ∼ 4K,
whereas EuFe2As2 orders at ∼ 19K with an A-type an-
tiferromagnetic structure with the Eu2+ moments be-
ing aligned ferromagnetically along the a-axis and an-
tiferromagnetically along the c-axis. EuFe2As2 variants
are especially fascinating since despite the proximity of
the magnetic and the superconductivity phases observed
at rather high temperatures there is little variation of
their transition temperatures, Tm and Tc,max, respec-
tively. For instance, electron doped Eu(Fe1−xCox)2As2
[8], hole doped KxEu1−xFe2As2 [9], chemically pressur-
ized EuFe2(As1−xPx)2 [10–12] or Eu(Fe1−xRux)2As2 [13]
as well as EuFe2As2 under hydrostatic pressure [14, 15]
were found to exhibit superconductivity with Tc,max be-
tween 20 and 30 K, and simultaneously magnetic order
with Tm between 10 and 20 K. However, up to now there
is neither a clear picture how superconductivity can co-
exist with the strong Eu2+ magnetism, nor a consensus
on the magnetic order in the superconducting phase.
Here we report our systematic study of the supercon-
ducting and magnetic properties of a complete set of
EuFe2(As1−xPx)2 (x = 0, 0.055, 0.09, 0.12, 0.16, 0.165,
0.17, 0.26, 0.35, 0.39, 1) single crystals using dc and ac
magnetization, dc resistivity and heat capacity measure-
ments. Crystals were prepared and analyzed according to
standard procedures [16]. Magnetization data are taken
in different modes: either during cooling in an applied
field (FCC), or while warming up after the specimen has
been cooled in zero field (ZFC) or with a magnetic field
applied (FCH). For all P substituted specimen we detect
two consecutive magnetic transitions separated by 1.5 K
. ∆T . 10 K requiring a revision of the phase diagram of
EuFe2(As1−xPx)2. Magnetic ordering at higher tempera-
ture is associated with predominant antiferromagnetic in-
terlayer coupling, probably canted A-type antiferromag-
netism, whereas the second transition at lower tempera-
tures is identified as a spin glass-like transition evidenced
by characteristic frequency dependence and thermal hys-
teresis effects. We conclude that the development of su-
perconductivity is supported by the decoupling of the
magnetic Eu2+ layers in the glass phase, which could be
the key to understand the interplay of superconductivity
and rare eath magnetism.
EuFe2P2 The magnetic properties of polycrystalline
EuFe2P2 samples have been already investigated by
Mo¨ssbauer, specific heat and magnetization measure-
ments [17], and neutron powder diffraction [18]. Whereas
Ryan et al. interpreted their neutron diffraction data in
terms of a single phase ferromagnetic transition at ∼30
K, Feng et al. reported a broad smeared heat capac-
ity anomaly. In analogy to the magnetic behavior of
Eu(Fe0.89Co0.11)2As2 [8] they tentatively analyzed their
data in terms of a ferromagnetic and a subsequent “pos-
sible helimagnetic ordering”.
Fig. 1 shows the in-plane (H ||ab) magnetic behavior
of our EuFe2P2 single crystal. In a very small probing
field of 2G two consecutive magnetic transitions can be
clearly resolved in the ZFC and FCC dc magnetic sus-
ceptibility. A sharp peak at T1 ≈ 29K is followed by
an upturn starting at T2 ≈ 27.7K leading to a second
peak at ∼ 27K in the ZFC magnetization [see Fig. 1(a)].
Whereas the transition at T1 exhibits no thermal hys-
216
18
20
26 27 28
0.0
0.4
0 30 60 90 120150
1.00
1.01
8
12
16
8
12
16
20 24 28
0
6
0 10 20 30
0
2
4
6
0.0 0.4
10
20
30
0.1 10 1000
27.0
27.2
20 24 28
20
30
 
100 Hz
0.1 Hz
100 Hz
 
 
'ac
(em
u/m
ol)
 
(f) dc : 0 G, ac: 1 G
0.1 Hz
 
 
 
''ac  
(em
u/m
ol)
 
T (K)
 
2 G, ZFC 
 M
(t) / M
(0)
 
t (min)
25K
27.5K
(e)
ZFC:
 
T2
500 G 
         
 ZFC
 FCC
 
dc
(e
m
u/
m
ol
)
 
(a)  
T1
 
2 G 
(b) 
  
dc
(e
m
u/
m
ol
)
 
 
dc
(em
u/m
ol)  
  
 T (K)
FCC-ZFC(d) 
 
0.5T
1T
0.1 T
   
M
dc
 (1
04
 e
m
u/
m
ol
)
 T (K)
 
500G
0.3T
FCH-FCC
   
T 1
 (K
)
 0H (T)
(c)
 
 
(g)
 
 
 (Hz)
 crystal
 polyc.
 
2 G 
C
p (
J/
m
ol
K)
 T (K)
 
FIG. 1. H ||ab magnetization of EuFe2P2. (a) ZFC (black
open squares) and FCC (orange dots) curves at 2G show two
consecutive magnetic transitions T1 and T2, with a strong
hysteresis at T < T2 (upper panel). The transition at T2
is completely suppressed with µ0H = 500G (lower panel).
(b) Heat capacity for our single crystal (purple filled dia-
monds) and for polycrystalline EuFe2P2 [32] (open dark blue
stars) shows a broad feature covering the two magnetic tran-
sitions. (c) ZFC magnetization for 500G, 0.1T, 0.3T, 0.5T
and 1T. T1 decreases with increasing external field, also de-
picted in the inset. (d) Magnetic hysteresis sets in at T < T2,
visible in χdc,FCC − χdc,ZFC > 0 (green stars) (µ0H = 2G).
Time dependence for T < T2 is revealed by FC cycling, visible
in χdc,FCH − χdc,FCC < 0 (pink open diamonds) and (e) time-
dependent magnetization after ZFC cooling (µ0H = 2G, pink
open circles: 27.5 K, blue closed squares: 25K, dark blue line:
fit of 25K data). (f) Frequency dependence in ac susceptibil-
ity χ′′ac(T ) and χ
′′
ac(T ) (no dc field, ac drive amplitude 1G,
0.1Hz: dark grey open triangles, 100Hz: brown dots) sets in
also below T2. (g) Vogel-Fulcher-Fit of the peak below T2 in
χ′′ac(T ).
teresis, the second transition at T2 is characterized by
a pronounced ZFC-FCC hysteresis which vanishes if a
larger dc-magnetic field (H ||ab) is applied. It can be
finally suppressed for fields above 500G. Increasing the
field even higher shifts the peak at T1 down [see Fig. 1(c)]
and at around 1T, the peak has completely disappeared.
Note that a broad shoulder develops at ∼ 0.3T, which
for EuFe2As2 was interpreted as due to a metamagnetic
transition [6]. Specific heat measurements on the single
crystal show a sharp peak at T1 with a broad shoulder
at lower temperatures, consistent with the width of the
anomaly for polycrystalline samples reported in Ref. 17
and prove that both transitions are bulk properties. In
order to get more insight into the character of the second
transition at T2 we studied in detail its thermal hystere-
sis and frequency dependence by ac magnetization mea-
surements. Fig. 1(d) displays the differences between the
ZFC, FCC and FCH susceptibilities for an in-plane field
of 2G. The thermal hysteresis is visible in the ZFC-FCC
splitting at T < T2. Repeated FCC and FCH cycles
(heating / cooling rates 0.2 K/min) revealed a very slow
time dependence of the magnetization below T2 leading
to a growth of the magnetization and consequently a
negative difference of FCH - FCC. A time dependence
of the magnetization below T2 is also visible in a time
dependence of the ZFC magnetization which after some
rapid initial increase grows exponentially [see Fig. 1(e)]
with a relaxation time of ∼2200 s, in good agreement
with other (reentrant) spin glass systems [24]. The time
dependence of the magnetization becomes also appar-
ent in frequency-dependent real and imaginary compo-
nent of the ac-susceptibility, χ′ac and χ
′′
ac, as depicted in
Fig. 1(f). Below T2 a peak appears in both components
(χ′ac ≈ 50× χ
′′
ac) which shifts to higher temperature with
increasing frequency following a Vogel-Fulcher behavior
[see Fig. 1(g)]. We can rule out any relation of the time
and frequency dependence to flux line lattice dynamics
since EuFe2P2 is far off from any proposed superconduct-
ing phase [10, 11].
Until now magnetic ordering at higher P concentra-
tions in polycrystalline and single crystalline samples
of EuFe2(As1−xPx)2 was assigned to ferromagnetism
[10, 11, 32]. Spin canting with a ferromagnetic net
component along the c-axis has been concluded from
Mo¨ssbauer and magnetization measurements on mixed
EuFe2(As1−xPx)2 samples [32, 33]. Measurements on
polycrystalline samples [11, 32], however, are not able
to allow conclusions about possible antiferromagnetic in-
terlayer coupling, and measurements on single crystals of
EuFe2(As1−xPx)2 [10] failed to reveal two separate mag-
netic transitions and their different thermal hysteretic
behavior because of too coarse temperature steps. In
view of the shape of the M(T ) anomaly at T1 [see Fig.
1(b)] we suggest that the Eu2+ moments in EuFe2P2 or-
der rather with a canted A-type antiferromagnetic struc-
ture [21] with the spin components being ferromagnet-
ically aligned along the c-axis. Additionally, below T2
we detect a second phase transition with glassy charac-
ter which we associate to the ordering of the in-plane
components of the Eu2+ moments. The development of
a glassy phase below a magnetic phase transition, com-
monly referred to as reentrant spin glass [24–29], indi-
cates a competition between antiferromagnetic and fer-
3romagnetic spin exchange interactions in the system. In
the case of EuFe2P2, the antiferromagnetic RKKY in-
terlayer coupling competes with the ferromagnetic in-
tralayer interactions of the spins. In fact, DFT based
calculations revealed a very small energy difference of
antiferromagnetic and ferromagnetic ground states for
EuFe2(As1−xPx)2 [10]. We therefore suggest that in
EuFe2P2, competition between ferro- and antiferromag-
netism causes glassy freezing of spin components in the
ab-plane at T2 and a decoupling of the magnetic Eu lay-
ers. Such a freezing of transverse magnetic compounds
following long range magnetic order which has set in is
consistent with mean field theoretical calculations for a
reentrant spin glass [30]. Our conclusions are not only
supported by the time-dependent magnetization behav-
ior at T < T2, but also by the development of M(T )
with external fields: by application of a magnetic field of
∼ 500G along the ab-plane, the energy barrier between
different equilibrium states can be overcome, the glass
transition is suppressed and the temperature dependent
magnetization resembles that of EuFe2As2. This inter-
pretation is consistent with the neutron powder diffrac-
tion studies by Ryan et al. [18], as those are not sensitive
to the freezing of the small in-plane spin component, as
long as the ferromagnetic spin component along the c-
axis still exists.
EuFe2(As0.835P0.165)2 In order to study the com-
plex interplay of magnetism and superconductivity in
mixed As - P samples we have investigated in detail the
magnetic and superconducting properties of a single crys-
tal of EuFe2(As0.835P0.165)2. The in-plane electrical re-
sistivity [see Fig. 2(a)] proves onset of superconductiv-
ity at T ∗c,on ≈ 22K indicated by a steep initial decrease
of the resistivity. Zooming into the transition reveals
reentrant behavior at about 19K followed by a smooth
decrease towards zero resistivity which is achieved only
below T ∗ρ=0 ≈ 9K [see Fig. 2(b)]. Fig. 2(c)-(f) com-
pile selected ac and dc magnetization data obtained with
experimental configurations identical to those used for
EuFe2P2. The dc magnetizations at low fields, similar to
those of EuFe2P2, show two peaks for H ||ab which are
shifted to lower temperatures [T1 ≈ 19K, T2 ≈ 16.8K,
see Fig. 2(c)]. A steep downturn occurs below 15K for
both, H ||c and H ||ab magnetizations, which ends up in
a diamagnetic signal for H ||c, indicating superconduct-
ing shielding [see Fig. 2(d)]. As H ||ab requires shielding
currents perpendicular to the layers, the magnetization
stays positive. However, performing in-plane ac suscepti-
bility measurements with applied high dc fieldsH ||ab [see
Fig. 2(e)] reveals also a diamagnetic in-plane shielding
signal if the dc field is large enough (& 1 T) to saturate
the Eu2+ magnetism.
Repeated field cooled (FC) cycling again reveals a
time dependence of the magnetization with a negative
FCH - FCC difference below T < T2 characteristic of
glassy magnetism, similar to that found in EuFe2P2 [see
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FIG. 2. EuFe2(As0.835P0.165)2. In-plane resistivity ρab(T )
shows (a) linear temperature dependence at high temperature
and (b) reentrant superconductivity with onset T ∗c,on ≈ 22K,
zero resistivity T ∗ρ=0 ≈ 9K. ZFC (black open squares) as well
as FCC (brown dots) magnetization shows for (c) H ||ab (2G)
two magnetic transitions similar to x = 1.0 (T2 is indicated
by a blue dashed line), with a steep drop in the ZFC curve
below ∼ 15K (grey dotted arrow), which appears also for
(d) H ||c (grey dotted line), where negative magnetization is
reached. (e) FC cycling reveals two time-dependent glassy
transitions, as FCH - FCC > 0 at T < Tc,on and FCH - FCC
< 0 at T < T2. (f) Combining ac susceptibility measurements
(drive 1G, frequency 7Hz) with high dc fields (100G: orange
dots, 0.3T: pink diamonds, 1T: purple open circles), negative
magnetization is revealed for H ||ab below 15K (grey dotted
line).
Fig. 1(c)]. We therefore conclude that superconducting
EuFe2(As0.835P0.165)2 shows an analogous reentrant spin
glass behavior as EuFe2P2. The additional positive peak
in the FCH-FCC curve between 17 and 21K could be as-
cribed to vortex dynamics, as it coincides with the steep
initial decrease of the resistivity marking the onset of su-
perconductivity.
Phase Diagram In order to follow compositional
dependence of the two magnetic transitions consistently
found in EuFe2P2 and EuFe2(As0.835P0.165)2, we have
extended our studies to EuFe2(As1−xPx)2 single crys-
tals with x = 0, 0.055, 0.09, 0.12, 0.16, 0.17, 0.26,
0.35 and 0.39 (see Fig. 3). In all P substituted spec-
imen we observe two consecutive magnetic transitions,
which we ascribe, in analogy to the previous sections,
to a canted A-type antiferromagnetic transition with the
Eu2+ spin components along the c-axis being ferromag-
netically aligned below T1 = TcAFM and to a glassy freez-
4FIG. 3. Phase Diagram of EuFe2(As1−xPx)2. TcAFM (red
dots) indicates a canted A-type antiferromagnetic transition,
with a ferromagnetic net component of the Eu2+ spins along
the c-direction, Tglass (blue triangles) a spin glass transition
due to the freezing of the spins in the ab-plane and Tc,on
the onset of superconductivity (grey squares). Closed sym-
bols indicate transition temperatures deduced from magneti-
zation, open ones from resistivity measurements. Shadowed
lines are guides to the eyes. The light grey area indicates
the onset of superconductivity, while bulk superconductiv-
ity is fully developed in the dark grey regime [10, 38]. The
right panel shows typical corresponding M(T ) curves. Non-
superconducting x = 0.09 (ZFC: open squares, FCC: pink
dots), superconducting x = 0.17 (ZFC: open squares, FCC:
brown dots) as well as non-superconducting x = 0.35 (ZFC:
open squares, FCC: orange dots) samples are selected. Ar-
rows indicate the transition temperatures for the antiferro-
magnetic (red solid lines), spin glass (blue dashed lines) and
superconducting (grey dotted line) phases.
ing of the spin components in the ab-plane at T2 = Tglass,
with TcAFM > Tglass. In Fig. 3 we have compiled the
resulting magnetic phase diagram together with the su-
perconducting dome.
According to our investigations on single crystals the
reentrant spin glass transition appears for all P substi-
tuted specimen. The effect of chemical disorder of the
As and P anions on the RKKY exchange must be ruled
out as the origin of the glass transition since it occurs
also in well ordered EuFe2P2 crystals. We rather ascribe
the glass transition to competition of ferromagnetic in-
teractions within a layer with antiferromagnetic RKKY
interactions between neighboring layers.
The transition temperatures exhibit a nonmonotonic
behavior with P substitution. At low P concentration,
0 < x . 0.12, the antiferromagnetic Eu2+ transition tem-
perature follows the transition temperature of the spin
density wave. Coupling of the itinerant Fe magnetism
and the Eu2+ local spin moments was theoretically pre-
dicted and experimentally confirmed by the increasing
canting of spins out of the ab-plane concomitant with
the suppression of the spin density wave. [22, 23, 32, 33]
With increasing canting, the ferromagnetic component of
the Eu2+ along the c-direction increases, and the com-
petition with the antiferromagnetic RKKY interaction
between the layers is enhanced which finally leads to the
development of the spin glass phase. In the supercon-
ducting regime, the transition temperatures vary only
slightly with P concentration. When superconductivity is
finally suppressed, both transition temperatures, T1 and
T2 increase markedly, probably due to a Lifshitz transi-
tion [36–38] which effects the RKKY exchange.
Antiferromagnetic interlayer coupling developing up to
high P concentrations, as well as a rather narrow su-
perconducting dome, are consistent with experiments on
EuFe2As2 under pressure [15]. Between the concentra-
tions x ≈ 0.12 and x ≈ 0.26 the onset of a superconduct-
ing transition is found, while fully developed bulk super-
conductivity occurs in an even narrower regime [10, 38].
As concluded previously, a Lifshitz transition near x ≈
0.23 coincides with the upper limit of superconductivity
[36–38]. Investigations of polycrystalline samples, how-
ever, resulted in a somewhat broader dome extending to
an upper limit of x ≈ 0.4 [11, 32]. The assignment of the
upper limit was based on the assumption that two subse-
quent resistivity anomalies seen in samples with x ≈ 0.4
indicate onset of superconductivity succeeded by reen-
trance due to ordering of the Eu2+ spins. Our experi-
ments on single crystals rather indicate that these two
anomalies are purely of magnetic origin as we do not see
any signature of superconductivity in our x=0.35 crystal
(see Fig. 3, right panel) [35].
The question how bulk superconductivity can coexist
with Eu2+ magnetic ordering is quite fundamental and
requires the exact knowledge of the magnetic structure.
Consistent with Mo¨ssbauer and neutron powder diffrac-
tion [18, 32], the results of our experiments imply that
a large net component of the Eu2+ spins is ferromagnet-
ically aligned perpendicular to the layers. In addition,
we find that glass-like dynamics and freezing of the in-
plane component develops below T2 which destroys co-
herence between the Eu layers. Superconductivity in the
iron based superconductors is commonly believed to take
place mainly in the FeAs layers. In this scenario, the in-
ner field resulting from the Eu2+ ferromagnetic compo-
nent along the c-axis could be screened by the formation
of spontaneous vortices perpendicular to the layers [13].
Together with the destroyed coherence between the Eu
layers due to the glass dynamics this scenario might be
key to how superconductivity can coexist with the usu-
ally strong Eu2+ magnetism. It will be therefore very
interesting to investigate also other Eu containing pnic-
tides in more detail in order to understand whether the
glass phase is required for the existence of superconduc-
tivity in these systems.
5Conclusion EuFe2(As1−xPx)2 exhibits two consec-
utive magnetic transitions TcAFM > Tglass over the en-
tire P substitution range. From magnetization data, we
identify the higher temperature transition as a canted
A-type antiferromagnetic transition. The spin cant-
ing increases with P substitution concomitant with
the suppression of the spin density wave, until the
spins are aligned almost along the c-direction, i.e. fer-
romagnetic intralayer coupling competes with antifer-
romagnetic RKKY interlayer coupling. This causes
glassy behavior of the spin components in the ab-plane
at Tglass, evidenced by characteristic frequency- and
time-dependent response of the magnetization. Thus
EuFe2(As1−xPx)2 is a reentrant spin glass and does not
sustain conventional antiferromagnetic or ferromagnetic
Eu2+ magnetic ordering down to low temperatures. De-
velopment of superconductivity is supported by the de-
coupling of the magnetic Eu2+layers.
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Supplemental Material
a. Experimental techniques EuFe2(As1−xPx)2
high quality single crystals were synthesized by the
Bridgeman method1 and studied using a Quantum
Design 7T MPMPS-XL superconducting quantum
interference device (SQUID). Magnetization data are
complemented with four point dc resistivity measure-
ments with a current of the typical value 1mA. In the
case of small resistances (especially for the c-direction
measurements), lock-in technique with low frequencies
(77Hz) was used. Heat capacities were measured with a
relaxation-type calorimeter.
b. Magnetization measurements In order to re-
veal glass-like behavior, special care has to be taken con-
cerning the cooling procedure. When measuring at sta-
bilized temperatures T , the stabilization process usually
also includes oscillating around the target temperature
and its duration dependends on the setpoint tempera-
ture. For a material with time-dependent magnetiza-
tion M , both lead to non-reproducibile M(T ) curves.
Therefore we typically chose to sweep the temperature
in M(T ) measurements. For the dc magnetization we
used the sweep velocity 0.2K/min. Typical measure-
ments for EuFe2(As1−xPx)2 take less than 10 s with the
settings: 4 cm scan length, 2 scans per measurements and
24 points, i.e. the temperature error is less than 0.05K
and thus negligible (visible also in the absent thermal
hysteresis in the paramagnetic regime). For ac measure-
ments covering a big temperature range, we chose the
sweep velocity 0.1K/min, as here measurements usually
are slower. With the parameters: 1G drive amplitude,
7Hz wave frequency, amplifier gain 1, 1 block to average,
1 scan per measurement and 1 s settling time, measure-
ments were faster than 1min, i.e. in this case the temper-
ature error is less than 0.1K. For frequency dependent ac
measurements around the spin glass transition, however,
we had to settle the temperature and measure for one
temperature different frequencies. Frequency dependent
susceptibility is found no matter whether frequencies are
raised or decreased, meaning that the slow increase of the
spin glass magnetization with time has a smaller effect
than the frequency dependence of the susceptibility.
AC measurements were always done in the ZFC (zero-
field-cooling) mode. In this mode, the sample is cooled
down in zero net magnetic field, at lowest temperatures
(in our case 2K) the magnetic field is eventually switched
on (with the “no overshoot mode”) and then the mea-
surement is performed while heating. For dc measure-
ments, additional FC (field-cooled) measurements were
performed with the sample being cooled in the external
field at which the measurement is done. Here one has to
distinguish between FCC (field-cooled-cooling), i.e. the
magnetization is measured while cooling, and FCH (field-
cooled-heating), i.e. the sample is cooled with an applied
external magnetic field, but the magnetization is mea-
sured then while heating up. Thus the usual procedure
for our dc measurements includes ZFC, FCC and FCH
curves, whereas in literature often only ZFC and FCC
curves are measured. However, FC cycling (i.e. measur-
ing FCH and FCC curves) can reveal important informa-
tion if the sample exhibits time dependent magnetization,
as discussed in our manuscript.
As the dc magnetic field is produced by superconduct-
ing coils, one has to consider the effect of the remanent
magnetization captured in them. Usually, we therefore
determine the zero field by searching at temperatures
above the superconducting and Eu2+ magnetic tran-
sitions the magnetic field (in the range of a few G),
which leads to zero signal at the SQUID. However, as
the cooling process in a homogeneous zero field can be
crucial especially for superconductors2, for x = 0.165
and 0.35 µ0H = 2G measurements were also done
using the Quantum Design“ultra low field” option which
guarantees field nulling better than 0.05G remanent
field. We did not find any qualitative difference of the
magnetization compared to measurements with our
standard procedure to determine the zero field.
c. Investigated samples Table I summarizes the
compositions x and masses m of EuFe2(As1−xPx)2 single
crystals that were investigated.
x 0 0.055 0.09 0.12 0.16 0.165
m(mg) 6.1 9.7 0.45 1.1 2.3 7.0
x 0.17 0.26 0.35 0.39 1
m(mg) 1.2 0.44 0.59 4.0 0.16
TABLE I: Compositions x and masses m of investigated
EuFe2(As1−xPx)2 single crystals.
1 H. S. Jeevan, D. Kasinathan, H. Rosner, and P. Gegenwart,
Phys. Rev. B 83, 054511 (2011).
2 M. McElfresh, S. Li, and R. Sager: Effects of magnetic field
uniformity on the measurement of superconducting sam-
ples, MPMS application notes, Quantum Design
